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INTRODUCTION

The accepted view of mental retardation for many years has entailed
the concept of limited "mental capacity."

It has been suggested that

this limited capacity determines that the retarded individual will per
form various mental tasks with constrained ability.

The usual pro

cedure for estimating mental capacity is some form of intelligence test.
For example, the criterion for institutionalization at Fort Custer State
Home, the location of this study, is an intelligence quotient at or
below 70 on a standard intelligence test.
This viewpoint, however, is tautological in nature.

By assuming

the retardate has limited capacity and then employing a standard in
telligence test to substantiate this assumption, the scientist is ex
pounding a circular argument.

The intelligence test demands performance

on mental tasks which the scientist has already assumed to be lacking
in the behavioral repertoire of the retardate.

Therefore, the test

merely substantiates what the scientist has already predicted.

This

tautological view is against the principles of empirical science, and
has possibly done much to impede the progress in the field of mental
retardation.
In recent years behavior modification, as a new approach, is based
on extremely parsimonious assumptions, and emphasizes empirical analyses.
This approach is a change from the more traditional viewpoint and views
mental retardation "as either a result of inadequate reinforcement
history, or failure of coordination of stimulus and response functions
(Bijou, 1963)."

1
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Instead of viewing the retardate as having impaired mentality, he is
observed as either (l) producing behaviors which are defined as
"deviant" by the community in which he lives and results in his insti
tutionalization, or (2 ) fails to emit behaviors which are requisite of
societal living.

In this case, he is institutionalized because he

cannot survive in the community with his limited skills and is con
sidered to have "behavioral deficits."
The basic problem facing the behavioral scientist, in dealing with
a population of retardates is twofold:

he must develop procedures to

eliminate unwanted or maladaptive behaviors, and he must also develop
techniques to condition new behaviors to eliminate "behavioral deficits."
It has been suggested that an important variable in the control and
maintenance of behavior is the consequences the behavior produces.

By

arranging specific consequences contingent upon a behavioral act, the
future occurrence of that behavior can be modified (Bijou, 1963).

This

viewpoint has generated three major areas of scientific research.
The first is concerned with identifying the reinforcers which are
maintaining the behavior of retardates.

In conducting laboratory ex

perimental studies, conditions are manipulated in an effort to identify
these conditions.

By demonstrating that behavior is controlled by rein

forcement, the investigator manipulates the behavior of retardates with
proven principles of psychology.

This area is of importance because it

dispels the aura of mystery and the occult which has surrounded the
retardate, and makes his behavior interpretable by scientific endeavor.
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The second area concerns itself with an analysis of some of the
behaviors which are observed in a high frequency among retardates, but
not typically among normals.

These behaviors have been labeled

"rigidity," "distractability," and "perseverativeness."

Studies of this

nature attempt "to demonstrate the conditions which produce the high
frequencies of behaviors observed in retarded as compared to others with
deviant growth patterns (Bijou, 1963)."
An example of this type of study would be one performed by
Stevenson and Zigler (1962).
ments.

Their study consisted of two sub-experi

In the first sub-experiment the investigators employed feeble

minded children and adults as subjects as well as normal children, using
a size-discrimination problem.

These subjects received various degrees

of training, and were then switched to a new size-discrimination in
volving the same stimuli.

The investigators found no differences

between these two groups in terms of rigidity or "the relative incidence
of perseverative responses in which the subject continues during the
solution of the second problem to make the same responses which were
previously correct, but are no longer appropriate (Stevenson and Zigler,

1962)."

In the second sub-experiment the investigators again trained

feebleminded children and adults as subjects as well as normal children
on a size-discrimination identical to the one in the first experiment,
employing various degrees of training.

However, these subjects were

switched to a more difficult position-discrimination problem.

Again,

no differences were found between these three groups in terms of
rigidity or number of perseverative responses.

The investigators
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concluded, that their results rejected the hypothesis that feebleminded
subjects were more rigid than normal subjects of the same mental age
(M.A.)j but that rigidity is a function of the degree of difficulty of
the problem presented (Stevenson and Zigler, 1962).
The third area is the one with which this paper is concerned.

In

attempting to train or educate individuals classified as severely or
profoundly retarded, some means of developing the desired behaviors must
be employed.

These methods have been discussed and employed by others

in the field of mental retardation.

At Parsons State Home and Training

School in Kansas, Girardeau and Spradlin (1964) employed tokens as
generalized, positive, conditioned reinforcers to teach certain social
behaviors to retarded females living in a cottage-type setting.

A

generalized reinforcer is defined as a stimulus which has acquired
reinforcing properties for a large class of responses and deprivation
states through previous pairing with many reinforcers and states of
deprivation.

Examples of some of the social behaviors controlled by

the tokens as generalized reinforcers in the Girardeau and Spradlin
study were good grooming, making beds, and setting their hair.

The

experimenters observed that token reinforcement increased the frequency
of acceptable behaviors.
Another group at Fernald State School in Massachusetts (Sidman,

1965)

employed techniques similar to those used by Girardeau and

"^The experimenter wishes to thank Dr. Murray Sidman for granting
permission to cite the manuscript Lavers Hall in this study.
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Spradlin with severely and profoundly retarded children.

After several

months, through the use of token reinforcement, the experimenters were
able to establish and maintain proper toileting behavior, appropriate
social cooperation and interaction, and in a few cases, the children
were able to set the table properly before a meal and clear it off
afterwards.

Also, much of the aggressive behavior, such as kicking and

biting of other children, windowbreaking, and throwing furniture, de
creased in frequency.

This study again demonstrates the effectiveness

of token reinforcement to increase the frequency of appropriate and
adaptive behaviors.
In the foregoing studies, several principles in the establishment
of the reinforcing value of tokens have been identified.

First, the

items for which the token is exchanged should be "consumable."

A con

sumable item refers to any commodity bought with tokens earned in one
session and is either eaten or drunk, or in some other manner utilized
before the next session.

If the subject retains some of the reinforcers

given him in prior sessions, the value of subsequent commodities of the
same kind is reduced.

Secondly, in the retardate*s initial exposure to

a token economy, the token exchange item must be dispensed to the resi
dent immediately after every token is given.

Thirdly, after several

sessions, the frequency with which tokens are followed by an exchange
item should be gradually reduced to an intermittent schedule.

Eventually,

tokens should only be collected and exchanged at the conclusion of each
session.

Once established as generalized reinforcers, they can then be

employed to generate the new behaviors which the experimenter desires.
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There seems to be agreement (Sidman, 1965> and Girardeau and Spradlin,

196U) that all of these aspects are highly interrelated and all help to
insure that the token becomes established and remains a positive, gener
alized reinforcer for every individual for extended periods of time.
Once tokens are established as generalized reinforcers, an entirely
new problem arises which involves the schedule in which these tokens
will be distributed

in order to enhance training.

Schedules of rein

forcement have been

shown tobe an important factor in the initiation

and maintenance of behavioral patterns (Ferster and Skinner, 1957).
In the two economies mentioned above, ratio and interval schedules
have effectively been used.

In this particular study, a modified fixed-

interval (Fl) schedule of reinforcement was employed.
general reasons for
study.

choosing an FI (rather than an

There were two

FR) schedule in this

FI schedules are common in the maintenance of human behavior

in our society.

Most people work for extended periods of time, one week,

two weeks, or even a month, before receiving their reinforcement in the
form of a paycheck.

If an institutionalized individual wishes to engage

in activities in sheltered workshops in the community, then he must learn
to perform for extended periods of time without frequently receiving
reinforcement just as normals generally do.
A ratio schedule was impractical in this situation for two reasons:
first, the responses required for each man and his specific task were
quite different, and thus, a ratio for each individual would be very
difficult to identify.

Secondly, the group was involved in a cooperative
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effort to produce an end product, consequently, any one individual’s
response rate was dependent on the rates of others on the assembly.
In conclusion, this study was an extension of the behavioral prin
ciples employed at Parsons and Lavers Hall.

The underlying theoretical

assumptions were similar to those of Bijou (1963).

Tokens were establish

ed as positive generalized reinforcers capable of being exchanged for
"consumables."

They were employed to reinforce severely retarded males

for the learning of mechanical and social skills essential for place
ment in sheltered workshops in the community.

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission .

METHOD

Subjects

The subjects were seven males classified as either severely or pro
foundly retarded, ranging in age from 20 to h5 years.

None of the sub

jects were taking drugs or stimulants at the time of this study.

They

all resided on the same ward at Fort Custer State Home in Augusta,
Michigan. These individuals were chosen because they had been judged by
institutional standards to be lacking the necessary skills to work in
other work situations in the institution.

The few residents on the ward

who were currently working were not included in the project.

Prior to

being involved in the project the subjects remained on their ward per
forming few meaningful tasks throughout their daily routine.

Apparatus

The apparatus consisted of wire-cutters, needle-nosed pliers,
tweezers, coffee cans, cardboard boxes of various sizes and shapes,
gloves, two shoe boxes, two wooden boxes supported on stands to hold the
wire for two of the subjects, a measuring device (See Figure l) nailed
to the work table, a long table and seven wooden chairs, three stripping
devices (See Figure 2) invented by the experimenter's co-worker

2

and

The original design of the stripping device was created by Sander
Stern, the experimenter^ co-worker. The machine's prototype has under
gone several remodifications by both the experimenter and his co-worker
since its original creation.

8
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screwed to the long table, a simple kitchen timer, red checkers used as
tokens, nametags worn by the subjects, and rejected guitar strings of
various diameters and lengths supplied by Squier Music Company of Battle
Creek, Michigan.

Procedure

Establishment of tokens as generalized reinforcers.

The procedures employed in this study to establish tokens as gen
eralized reinforcers were quite similar to those used in the studies men
tioned in the Introduction by Girardeau and Spradlin (1963) and Sidman
(1965).
First, observations of the individuals on the ward were made by the
experimenter for several days prior to the introduction of tokens.

Obser

vations were made of the behavior of each resident to determine what
activities and/or items could be used as positive reinforcers.
were card playing, coloring, and playing ball.

Examples

Also at this time a

cooperative agreement was established with the attendants on the ward.
The general purpose of the program and the underlying principles essen
tial for the establishment of tokens as generalized reinforcers were
explained to the attendants.

Their cooperation was essential to the

establishment of the token program and the industry to avoid conflicts
in scheduling of other ward activities.

Secondly, one attendant had

been working with these patients for ten years and was an excellent
source of information concerning each individual's capabilities prior
to the introduction of the tokens.
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After initial observations were concluded the new program was introduced.
The first day of operation was regarded as Day One.

Initially, residents

were presented tokens for sitting quietly, these were immediately ex
changed for candy.

A token was dispensed with one hand, collected and

exchanged for candy with the other hand.

Very little time elapsed

between token reception and candy exchange.

Later, another token was

dispensed to each subject with the same contingency required as on the
previous presentation.

This was redeemed after 30 seconds for candy.

Thus, a time contingency was introduced on the second token presentation.
On Day Two the duration of token holding was increased to a maximum
of about three hours during a total of four presentations.

Tokens were

then exchanged for candy and another contingency introduced.

Any indi

vidual capable of verbalizing or articulating was required to tell the
experimenter his correct name before receiving a token.

The total

number of tokens dispensed during these six presentations was 153 and
six were lost.

The results indicated that these individuals quickly

established the association between token reception and token exchange.
The procedure on Day Three involved placing a nametag on each
subject.

Every individual who remained quiet and orderly during this

operation was immediately reinforced with a token.
immediately exchanged for candy.

This token was then

The second presentation required each

individual to be wearing his own nametag before receiving a token.

The

time between nametag presentation and token distribution was approximately
150 minutes.

This procedure was repeated again that afternoon.
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By the end of the first week most of the subjects were wearing their
own nametags.

After several presentations of tokens contingent on

nametag wearing, few nametags were subsequently lost or destroyed.
During the following several weeks tokens were dispensed for appropriate
nametag wearing and appropriate ward behavior.

If a subject had, in

some manner, lost or destroyed his nametag, it was replaced, but no
token reinforcement given for that interval.

Token exchange usually

occurred late in the day when each subject had had the opportunity to
collect several, however, token distribution occurred at various times
throughout the day.
At token exchange time a portable store was rolled onto the ward
and the subjects were called, one at a time, to exchange their tokens
for "consumables" (See Figure lU).
sumable" was candy.

In this part of the study the "con

Whenever the store appeared on the ward the sub

jects emitted behaviors which involved noting verbally the appearance
of the store.

An association between appropriate nametag wearing, token

reception, and token for candy exchange had obviously been established.
A verbal response, such as, "It's candy time," is an example of these
behaviors.
Although the tokens were now established as positive, conditioned
reinforcers, the token had no specific value.
did set an implicit value on the tokens.
mined in two ways.

However, the experimenter

This implicit value was deter

First, only those residents who had seventy or

eighty percent of the maximum total possible were allowed to purchase
commodities from the store.

Secondly, the experimenter tried to price
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each item according to commercial, standards.

The amount each resident

could purchase depended on the number of tokens he had and the quasi
price of the items.
The above procedures were repeated daily, except week-ends, for
several weeks.

Then, due to the shortage of staff, this particular

aspect of the study was suspended and the experimenter and his co-worker
began to take residents to the workroom to train them individually to
disassemble the guitar strings.

Initial training in the industry workroom.

Nature of the task.

The individual rejected guitar string consisted of a core-wire
with a ball-end attached at one end.

The core-wire, except for the

part looping the ball-end, was covered by a single strand of wire.

This

strand consisted of various metallic alloys such as brass and nickel.
The ball-end was pure brass and had a hole in the center to enable it to
be slid over the peg on the guitar.
small, medium and large.

There were three sizes of ball-ends:

The wires came in various lengths and diameters.

Some wires also had a section at one end which could not be further dis
assembled, and it was removed in the first operation.

Basic operations and original procedures.

The guitar strings were supplied by Squier Music Company of Battle
Creek, Michigan.

Squier could obtain more money from the separation of

the various metals than from ordinary mixed scrap and when the ball-ends
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were cleaned they were also re-usable in the manufacture of new guitar
strings.

Thus, the basic operations explicated below were an attempt to

fulfill these two purposes.
Throughout the following discussion of procedures, the independent
variables varied considerably.
steps for using the pliers.

Initially, they constituted the basic

As the individual resident became more

highly trained, the independent variables were the responses required in
the chain to complete one piece at his specific position on the assemblyline.

Thus, the independent variables changed throughout the shaping

sessions and individual rates are plotted on the enclosed figures.
Initially, the experimenter and his co-worker attempted to teach
the individual retardates all the skills necessary to disassemble one
entire rejected guitar string.

Seven residents were included in this

study, however, seventeen or eighteen residents were involved in the
initial training period.

Only seven were used in the study because the

experimenter could handle only one assembly-line operation at a time.
These seven constituted Shift One.

Six other trained residents sire

currently working on a second assembly-line operation designated as
Shift Two.

Others will work as more staff becomes available.

Initially, simple core-wire with no outer cover-wire was used.
After considerable difficulty, and extensive shaping through the use of
successive approximations, the "proper" plier response chain was acquired
by several residents.

Any response closely resembling the desired

response was immediately reinforced both with a loud verbal, "That's
good," and a token.

(Whenever the individual had several tokens in his
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possession, they were exchanged, during the initial sessions, for M&M*s.)
Any inappropriate response, such as placing the wire in the mouth, was
immediately punished with a loud "No."

Following this "No," the resi

dent started the operations from the very beginning of the chain.

Thus,

no additional responses in the chain were introduced until the resident
had a "reasonable" grasp of all the appropriate responses up to the
response punished.

This procedure is defined as forward-chaining.

The specific responses in the "proper" plier response chain were as
follows;

first, the resident picks up the pliers from the work table;

second, he places the pliers properly in his hand; third, he opens the
pliers; fourth, he slips the wire into the cutting portion of the pliers;
fifth, he squeezes on the handle of the pliers with sufficient pressure
until the wire is cut.

One resident had had considerable experience

with mechanical tasks and acquired this chain of responses quickly.

The

other individuals needed extensive training before they were able to
emit a response chain closely resembling the one described above.
After the individuals had acquired the "proper" plier response
chain, each resident was trained first to measure the wire between two
pieces of tape, about six inches apart on the work table,and then cut.
This operation was repeated until the wire was sectioned into two or
three 6 to 8 inch sections and one section containing the ball-end.

The

longer sections were then placed in one container and the ball-end
section was placed in another container.
After three or four weeks the experiment conclusions were that this
procedure was too cumbersome and highly ineffective.

Therefore, a series
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of very simple tasks was introduced to facilitate the training of these
residents.

These tasks were so constructed that they resembled a

factory assembly-line.

Each resident performed one task and then passed

this prepared wire on to the next individual until the wire was com
pletely disassembled.
of these tasks.

Each resident was originally trained on a variety

Their final station was determined by placing them in

an experimental assembly-line arrangement along the work table.

When

ever a decrease in rate occurred, residents were trained further or
were switched to another position until an increase in rate occurred.
The basic operations were as follows:
1.

Starter:

The function of this position was to remove the ball-

end and any other section not capable of further disassembly (See Figure
3).

The specific responses which comprise the complex chain for this

task are in the Appendix.
2.

Measurer:

Using the measuring device mentioned in the Apparatus

section (See Figure l), the resident was trained to section the wire pre
pared by the Starter into sections six to eight inches in length.

The

specific responses which comprise the complex chain for this task are in
the Appendix.
3.

Feeder:

—•
This operation entailed uncovering enough cover-wire

from the core-wire, without bending the section, so that it disassembled
in the stripping device (See Figure 4).

The specific responses which

comprise the complex chain for this task are in the Appendix.
h.

Stripper:

Initially, a stripping device was invented, construc

ted and remodified several times (See Figure 2), then several residents
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were trained to strip the wire.

This task involved completely separat

ing the cover-wire from the core-wire.

Only two individuals were in

cluded as Strippers initially) but the very high rate of the Feeder
necessitated the addition of a third Stripper.

The specific responses

which comprise the complex chain for this task are in the Appendix.
5.
the five.

Ball-end man:

The Ball-end position was the most difficult of

The resident who operated as the Ball-end man in this study

was the resident with the extensive past history of mechanical dexterity.
Thus, he only required prompting to learn the procedure for cleaning the
ball-ends (See Figure 5).

The specific responses comprise the complex

chain for this task are described in the Appendix.
After the initial period of training, this study was divided into
Phase I and Phase II.

In both phases work completed on any one day was

defined as a session.

In Phase I, the purpose was to obtain a crude

estimate of the rate of the seven residents.

The rate was calculated in

terms of the mean number of pieces completed per minute.

The residents

were placed in an experimental approximation to the final assembly-line
arrangement and worked for two weeks.

Phase I sessions included only

three or four residents at any one time.

In Phase II, the residents

were arranged in their final station along the work table (See Figure 6 ),
and all seven were included except when a resident was ill, had a dentist
appointment, or, as in the case of the Starter, had equipment stolen and
was not able to work for two days.
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Phase I:

Pre-assembly-line procedures:

After the initial training period, three or four residents were
arranged along the work table in an experimental approximation of an
assembly-line.

The experimenter chose the number of pieces with which

to start each session using the knowledge gained from the initial train
ing part of this study concerning the capabilities of each resident.
The length of each session was sufficient so that an accurate, but
crude, estimate of each resident's rate was determined.

Also, the

length of session was not so long that any resident became fatigued
or restless.
At the beginning of each session the residents were brought into
the workroom from their ward dayroom.

They sat down at their respec

tive stations and put on their nametags.
also put on their gloves.

The Strippers, at this time,

The timer's bell was rung and set for a ten-

minute interval, and the residents began to work.
The residents were reinforced every ten minutes with red checkers
employed as tokens and the timer bell signaled the end of each interval.
The experimenter then reset the timer, picked up seven tokens, and dis
tributed them to every individual engaged in or emitting appropriate
work responses.

The bell was used merely as a device to indicate the

termination of an interval for the convenience of the experimenter.
had no effect on the rate of the residents.

It

It is at this time that a

modification in strict FI procedure was introduced.

In most experiments

with lower organisms in a laboratory, a simple class of responses are
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reinforced.

An example would be a rat applying sufficient pressure on

the bar as specifically defined by the experimenter.

The investigator

is only interested in the topographical responses or the manner the
organism used to meet the investigator’s criterion.
class of responses employed were quite complex.

In this study, the

Each subject was rein

forced for consistently working throughout the interval.

He also must

be emitting any one member in the class of responses for his specific
position.

If he was not working the experimenter verbally punished that

individual*
to work."

An example of this verbal punishment was, "Let’s get back
The experimenter then waited until the punished resident had

emitted an appropriate response before giving him a token.

However, the

residents consistently worked throughout most intervals during any
session.

Thus, the experimenter rarely had to administer this verbal

punishment to any resident.

It is this introduction of punishment

rather than the withholding of reinforcement which designates the
schedule employed in this study as a modified FI schedule.
The Phase I sessions did not run very smoothly, and decreases in
rate occurred quite frequently.

During Phase I, extensive verbal rein

forcement and some retraining were employed to increase the rate of the
resident causing the decrease in rate.

If the decrease continued to

occur, as frequently happened due to the high rate of the Feeder and the
imability of the Measurer to keep the Feeder occupied, additional pieces
were added to the Feeder's box at the start of every session.

Also, any

time a complete wire or cut section was found inoperable, it was immed
iately replaced by the experimenter during that session.

This insured
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the experimenter that the pre-counted number of pieces were completed
in every session.

This procedure facilitated the calculation of the

rates of each resident for that session.

After approximately two weeks

or six sessions, a crude estimate of the rate of each individual was
determined.

Using this estimated rate, the experimenter calculated

the approximate number of pieces each resident had at the start of any
subsequent session.

This concluded Phase I and Phase II began. However,

one substitution was made prior to the beginning of Phase II, as one
Stripper emitted behaviors which were disruptive and threatened the
entire assembly-line operation.

He interfered with the work of the

Feeder who, in turn, interfered with the work of the Measurer.

These

behaviors were breaking too many wires and passing them back to the
Feeder.

The Feeder did become aggressive, and it seemed to be related

to the fact that he had to repair so many wires.

Because training a

new Stripper was easier than training a new Feeder and removal of this
Stripper reduced the aggressive and hostile responses of the Feeder, a
new Stripper was trained and added to the assembly-line.

Phase II:

Assembly-line procedures:

The procedures for Phase II sessions differed only slightly from
those in Phase I.

The main difference was that all seven residents were

now assigned their final station, and were arranged permanently along
the work table as a group.
worked at any one time.

In Phase I, only three or four residents

In most of the Phase II sessions, all seven

residents worked together.

The number of pieces for each session was
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constantly increased until the length of Phase II sessions became
approximately 150 minutes in length and previously they had been only
about 90 minutes.

Whenever any individual completed the pre-counted

number of pieces for that Phase II session, he removed his nametag,
picked up his tokens, and came up to the portable store to buy some "con
sumable" (See Figure lU).

The variety of "consumables" included candy,

pipe tobacco, cigarettes, and other assorted commodities.
There were some problems in the early stages of Phase II.

Ini

tially, decreases in rate due to the high rate of the Feeder and/or a
lowering in the rate of the Measurer or Starter occurred quite fre
quently.

These "slow-ups" were decreased in frequency by increasing

the number of pieces with which the Feeder started any session, and by
further retraining the Starter.
The number of pieces with which each resident started any session
were prepared by the residents in the preceding session.

An excess of

wires was placed in the Starter's box over the number the experimenter
desired to be completed that session.

Part of this excess, after it

was prepared and placed in the Measurer's box, was set aside by the
experimenter and given to the Measurer at the beginning of the next
session.

The remainder of the excess was prepared by the Measurer for

the Feeder, and then removed from the Feeder's box to be given to the
Feeder at the beginning of the next session.

The number of prepared

wires with which each Stripper started any subsequent session, were
removed from the Feeder’s coffee cans and then placed in the appropriate
coffee can at the start of the next session.

The number of ball-ends
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with which the Ball-end man started any subsequent session were obtained
from three sources:

from the ball-ends remaining from the initial train

ing period, from the training- of a new Starter for Shift Two, and from
the ones prepared by the Star.er during any Phase II session.
After several sessions the residents' rates increased, the number
of wires broken decreased, and fewer slow-ups occurred.

Also, as the

experimenter gained more knowledge concerning the reasons for the wires
being rejected by Squier Music Co., he was able to further train the
Feeder and Starter to discard any section or complete wire not capable
of being further disassembled.
During these sessions, verbal reinforcement, and sometimes punish
ment were presented.

Verbal reinforcement was presented only when the

experimenter detected the operation running smoothly.

Any inappropriate

responding was immediately punished with a loud "no" from the experi
menter or his co-worker.

Further retraining necessary to eliminate in

appropriate responses after presentations of "no" was given even if it
was in the middle of a Phase II session.

Thus, all efforts were made to

systematically increase the frequency of appropriate responses, and to
reduce the frequency of inappropriate responses.
The starting time of all the Phase II sessions was
stant as possible.

held as con

Although the initial training period, and the Phase

I sessions occurred both in the morning and afternoon, the Phase II
sessions were always held in the morning.

This was due to other on

going ward activities in the afternoon.
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During the later stages of Phase II, further contingencies were
placed on the residents.

They were now required to line-up at the door

of the ward dayroom and to remain lined-up while walking up the hall to
the workroom.

Their position in line was determined by their position

at the work table.

They also were required to use tissues whenever the

experimenter detected a runny nose, someone picking their nose, or
someone drooling.

In addition, any individual toileted himself without

asking for the experimenter's permission.

Previously, they were re

quired to ask for the experimenter's permission before leaving to
toilet themselves and then return.
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RESULTS

The Starter's rate as determined by the mean number of pieces
completed per minute was calculated in the following manner.

First,

the experimenter pre-counted a number of pieces for the Starter to com
plete in any session.

Secondly, when he had completed these wires, the

total time elapsing from the start of that session to the point at
which he completed these wires was determined and recorded.

The total

time which elapsed was determined by multiplying the number of tokens
in the Starter's possession by ten minutes, the length of the interval,
and adding any time elapsed in the next interval.

For example, if the

Starter had three tokens in his possession, and five minutes had elapsed
in the next interval, before he completed the pre-counted number of
pieces, the total time he worked would be 35 minutes.

Dividing, the

number of pieces completed into the total time worked equalled the
Starter's mean number of pieces completed per minute (rate) for that
session.

The Starter’s rate was then plotted on Figure 7.

The Measurer's rate was calculated as follows.

First, the number

of pieces he completed that session was determined by adding the number
with which he started that session to the number of wires completed
by the Starter, and then subtracting the number of pieces removed by
the experimenter to be used in the subsequent session.

If more than one

cut per wire was needed to properly prepare the wire for the Feeder, a
multiplier was used.

For example, if the Starter completed 120 wires,

the Measurer began with 20 wires, each requiring two cuts, and the
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experimenter removed 20 wires.

Thus, the total number of pieces com

pleted by the Measurer in that session would be 2^0.

Secondly, the

total time worked was determined in a maimer identical to the one men
tioned above for the Starter.

Dividing the total number of pieces

completed into the total time worked equalled the Measurer's rate for
that session and was then plotted on Figure 8.
The Feeder's rate was determined as follows:

first, the total

number of pieces completed by the Feeder was calculated by adding up
all the wires completed by the three Strippers, plus the wires the
experimenter removed to be disassembled in the subsequent session.

If

any wires were broken during that session, this number was added to the
above total.

The reason for this was that the Feeder had already pre

pared the wire once for the Strippers.
section and re-prepare that wire.
pared twice by the Feeder.

He then must cut off the broken

Thus, every broken wire was pre

Secondly, the Feeder's total time worked

was determined in a manner identical to the one mentioned previously
for the Starter.

Dividing the total number of pieces completed into

the total time worked equalled the Feeder's rate for that session and
was plotted on Figure 9*
The Stripper’s rate was determined as follows.

First, each

stripper was supplied with his own core-wire container.

This facili

tated the calculation by the experimenter who easily counted the number
of core-wires in each box at the end of every session.

Secondly, the

total time worked for each Stripper was determined in the same manner
as that mentioned previously for the Starter.

Dividing the total number
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of pieces completed by one Stripper into his total time worked equalled
the Measurer's rate for that session and was then plotted.

(The rates

for Strippers 1, 2 and 3 were plotted on Figures 10, 11 and 12 respec
tively.
The Ball-end man's rate was determined as follows.

First, the

total number of ball-ends completed was calculated by adding the number
of ball-ends prepared for him by the Starter to the ones with which he
started that session.

Secondly, his total time worked was determined

in a manner identical to that described previously for the Starter.
Dividing the total number of ball-ends completed into the total time
worked equalled the Ball-end man's rate for that session.

The Ball-

end man’s rate was then plotted on Figure 13.
In order to discuss the results presented in Figure 7 - 13, the
independent variables must first be defined.

The independent variable

was constantly changing throughout the early phases of this project.
Normally, when an investigator uses shaping, he is not aware of all the
independent variables present.

Also, the session, which could have re

presented the dependent variable, was not held invariant.
nically, the project had no independent variable.

Thus, tech

However, for dis

cussion purposes, the rate, defined as the mean number of pieces com
pleted per minute, will be considered the independent variable.
In analyzing Figure 7 - 1 3 ,

the rate for each subject increased

markedly from Phase I and early Phase II to the end of Phase II.

The

Starter's rate increased from .8 pieces/minute at the end of Phase I
to 2.2 pieces/minute at the end of Phase II.

This was an increase of
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approximately 275$.

The Measurer's rate increased from .9 pieces/minute

at the end of Phase I to 2.1 pieces/minute at the end of Phase II.
was an increase of approximately 230$.

This

Although the Feeder's rate re

mained highly erratic, as shown by Figure 9> bis rate increased from 1.7
pieces/minute at the end of Phase I to b.5 pieces/minute at the end of
Phase II.

This was an increase of approximately 270$.

Stripper #l's

rate increased from .U pieces/minute to a rate of 1.2 pieces/minute be
fore his machine became inoperable in the last session of Phase II. This
was an increase of approximately 300$.

Stripper #2, although he did not

work during Phase I, increased his rate from .3 pieces/minute at the
start of Phase II to .7 pieces/minute at the end of Phase II.
an increase of approximately 125$.

This was

Stripper #3 increased his rate from

.5 pieces/minute at the end of Phase I to 1.1 pieces/minute at the end
of Phase II.

This was an increase of approximately 125$.

Thus, each

individual subject's rate increased significantly from the end of Phase
I to the end of Phase II.
In further analyzing Figure 7 - 13» none of the characteristics of
FI- maintained behavior were identified with possibly one exception.
The subject's rates, except for the Feeder's,seemed to stabilize at what
might be defined as a moderate level of responding.

Further experimenta

tion involving the introduction of other FI schedules, variable-interval
schedules, and possibly ratio-type schedules, might help substantiate
this hypothesis.

The reason that no other characteristics of FI- main

tained behavior were identified in this study might be due to the pro
cedural modifications employed by the experimenter rather than the strict
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procedures identified by Ferster and Skinner (1957).
Although the rates remained fairly stable throughout Phase II,
wire was introduced in sessions 11 - 15 which was doubly-wound and
therefore not capable of being disassembled.

Thus, the rates of the

Starter, Measurer, Feeder, and the three Strippers were suppressed
during this week.

As operable wire was again introduced in session 16,

rates returned to their previous high levels.
The graphs of the Starter, Stripper # 3 5 and the Ball-end man have
gaps in them during Phase II.

The Starter's equipment was stolen, and

the experimenter had some difficulty in replacing them, resulting in his
loss of work for two days.

The gaps in the graph of the Ball-end man

and Stripper #3 were due to dental appointments which these individuals
had, and thus, could not work for a few days.
Another factor which effected the rates of the three Strippers was
the design of the stripping device.
these devices.

There were inherent weaknesses in

They were replaced at least o me for each Stripper during

Phase II, and were constantly undergoing remodification.

Thus, the ex

tent to which their rates were effected by this could not be determined
by the experimenter.
There were also some individual characteristics which had some
effect on the rates obtained.
torpid individual of the group.

The Starter was observed to be the most
Because a slow worker was still able to

keep the Measurer busy, the experimenter decided to place this resident
in the Starter's position.
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The Measurer had some difficulty removing the wire from the "box.
Part of this was due to his poorly developed motor coordination, and
part was also due to his eyesight which was observed to be poor.

The

ward attendant did mention to the experimenter that this resident at
one time did wear glasses.

Even so, his rate was high enough to keep

the Feeder occupied.
The Feeder was the most unpredictable subject of them all.

The

experimenter not only had to increase significantly the number of
pieces with which he started every session, but during some sessions,
the experimenter had to use a sitting-out procedure.

If the Feeder

worked too fast, the wires he prepared would tangle up resulting in
the experimenter's having to separate them.

At one time, the experi

menter considered adding a fourth Stripper, however, the final solution
was to allow the Feeder to finish a certain predetermined number of
pieces, filling several extra coffee cans, and then having him leave the
work table and go over to the training table.

Here, the experimenter's

co-worker attempted to train the Feeder to clean the ball-ends.

He was

still being trained at the conclusion of this study.
Stripper #2's rate remained at a low level during Phase II.

One

factor was that he was trained for only one session, before replacing
the original Stripper as mentioned in the Procedures section.

The other

two Strippers received extensive training prior to Phase I, and they
also worked during Phase I.

Another factor, however, was the difficulty

the experimenter had in identifying a powerful positive reinforcer for
this individual.

Once cigarettes were discovered to be the most powerful

positive reinforcer for this individual, his rate seemed to increase.
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Stripper #3 was probably the most interesting resident of all.
suffered from palsy and drooling.

He

However, he was able to insert the

prepared wire into his machine and strip it faster than either of the
other two Strippers.

He removed a wire from his coffee can with one

hand, and with the other hand placed the clean core-wire in his core
wire container.

The hole in the machine was approximately .09^ inches

in diameter, and with his palsy the experimenter expected him to have
some difficulty.

Stripper #3 displayed little difficulty in perform

ing this operation, however, a simple task like putting gloves on the
correct hand and with a finger in each hole was too difficult for this
patient.

He never learned to do this properly and the experimenter had

to help him at the beginning of every session with his gloves.
The Ball-end man's rate remained quite stable throughout Phase II.
However, it did not increase as much as the experimenter expected.

It

was discovered by the experimenter that he was making some unusual, but
inappropriate, discriminations before cleaning off the ball-ends.

These

irrelevant responses wasted much time, and thus, his rate remained at
the low level displayed in Figure 13.
Another important factor to consider, which had some effect on the
rates obtained, was the interdependencies between some of the subjects.
If the Starter was working too slowly and the Measurer had to wait for a
wire, the rate of the Measurer was lowered even though he had been
actually working at a relatively high rate.
existed between the Measurer and the Feeder.

The same interdependency
The Stripper's rates were

rarely effected by the rate of the Feeder as his rate was usually well
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above the sum total of their rates during most every Phase II session.
The Ball-end man's rate was effected in the beginning of Phase II by
the low rate of the Starter.

This effect was only slight and was elimi

nated when the experimenter's co-worker began to retrain a new Starter
for Shift Two.
Even though there were many problems and variables which interacted
to effect the rates of these seven subjects, the data demonstrated that
they did acquire and maintain the appropriate behaviors for longer
working sessions by the end of Phase II, and for extended periods of
time, approximately 3& days.
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CONCLUSIONS

The first point to consider concerning this project is that the
experimenter gave up a great deal of experimental control to insure the
establishment and maintenance of this project for an indefinitely exten
ded period of time.

This project was unique in its nature, and there

fore, many of the experimental controls employed in other psychological
studies could not be employed in this study.

Neither the experimenter

nor his co-worker knew beforehand what techniques would be required to
set up this project.

Thus, trial-and-error was used to identify the

appropriate techniques.

Despite these limitations, the residents did

respond appropriately for extended periods of time as shown by Figures
7 - 13.
Secondly, this project has demonstrated that institutionalized retar
dates can be trained to perform complex tasks contrary to the more
traditional viewpoint in the field of mental retardation mentioned in the
introduction.

Once the experimenter identified the positive reinforcers

for each individual and the appropriate responses required for each task,
several residents were trained in a matter of six to eight weeks, to dis
assemble correctly, rejected guitar strings.

Previously, these same indi

viduals sat on their ward and performed few meaningful tasks throughout
their daily routine.
Third, these individuals not only were trained, but they also began
to assume increasingly more responsibility or control over their own
behavior.

In the latter stages of Phase II, they were required to line
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up in the appropriate order before leaving the ward dayroom and remain
lined up while entering the workroom.

They were also required to toilet

themselves and to use tissues to blow their noses or to stop a drool
whenever necessary without asking the experimenter’s permission.

They

were also required to ask, verbally and in a voice loud enough so that
the experimenter understood clearly, for the specific item they wished
to buy with their tokens.
Fourth, these residents emitted very stable behavior for extended
periods of time.

This finding indicates that retarded individuals are

not only capable of being trained, but, given the opportunity, can also
perform at levels closely approximating those of normal humans.

This

finding is contrary to the traditional theories in the field of mental
retardation.
Another point to be mentioned is the number and variety of indivi
duals impressed by this study.

Both the ward attendants and the Pro

fessional Staff at Fort Custer as well as Squier Music Company and repre
sentatives of the Michigan Department of Mental Health were amazed and
gratified with the results of this project.

Squier Music Company was

pleased that the project was benefiting them financially which they had
hoped prior to the establishment of this project.

The Michigan Depart

ment of Mental Health was so impressed that they sent a time analysis man
to Fort Custer to study this project and see if it might be possible to
establish this project more extensively at Fort Custer and at other insti
tutions in the State of Michigan.

From their impressions, there is no

reason why this project cannot be established more widely in settings
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other than Fort Custer.
There are two other interrelated implications of this study.

First,

the retardate cannot be viewed as untrainable or incapable of perform
ing complex tasks with the stability and consistency shown by normal
humans of the same chronological age.

Secondly, these results demon

strate that the role of the ward attendant needs to be updated and
changed.

Instead of merely providing custodial care for the retardates

on his ward, he might be trained to set up projects of this nature or
direct projects of this type already established.

Attendants might also

be trained to teach their residents to read, write, and verbalize instead
of grunting and using hand signals in order to communicate.

The retar

date then would be given the opportunity to acquire the skills he lacked
prior to institutionalization, to live in the community.
in reducing his behavioral deficits.

This would aid

Also, his inappropriate or "deviant"

behaviors would be suppressed or reduced in their frequency of emission.
Many of these retardates could then be discharged from their institution
and returned to a normal environment to contribute something to society
rather than being a drain as they are now.
Finally, the results of this study indicate that the basic prin
ciples developed with infrahuman and human subjects may be directly
applied as a general theory of behavior to the problem of mental retar
dation.

This study seems to substantiate the contention that retarded

behavior differs only qualitatively from normal human behavior.

Research

involving functional analyses of mental retardation, as mentioned in
the Introduction, can be the immediate heir of empirical principles devel
oped previously with infrahuman and normal human subjects.

Also, future
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research in the field of mental retardation can enrich general behavior
theory, particularly by analyzing the behaviors generated by these
extreme conditions.
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APPENDIX A

Specific Responses for Complex Chains of Tasks

I - Starter

1.

The Starter must remove a wire from his stand-supported
wooden box.

2.

The wire-cutters must be picked up from the table and
placed appropriately in his hand.

3.

The wire-cutters must be opened.

If.

The wire must be slipped into the cutting portion of the
wire-cutters. (Sometimes the Starter made a loop and
slipped the loop into the wire-cutters. Later, after some
additional training, he was taught to slip the unfolded
ball-end portion into the wire-cutters.)

5.

The Starter must squeeze with enough pressure to cut off
the ball-end.

6.

The ball-end section is placed in a small cardboard box
on the table in front of him.

7.

The remaining section is placed in the Measurer's box.

A similar chain of responses is required to remove any section

which has windings too difficult to disassemble.

The only additional

response required is that this section be placed in the container
marked "mixed scrap."
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II - Measurer

1.

The Measurer takes one wire from his stand-supported wooden
box. This is the same wire the Starter just finished
preparing.

2.

He slips the wire through the hole in the upright 2" x k"
block.

3.

He slides the wire down until the end just touches the
1" x V' pieces of wood, without putting a bend in the wire.

i+.

He must pick up the opened wire-cutters and place them
properly in the hand.

5.

He must slide the wire into the cutting portion of the
wire-cutters.

6.

He must emit the proper plier response mentioned in the
text, cutting the wire as close as possible to the hole
in the 2" x k" upright block.

7.

He re-opens the wire-cutters.

8.

He takes the cut section and places it in a shoebox for
the Feeder.

The Measurer then repeats this chain of responses until the wire
is properly sectioned.

Then he begins a new wire.

Some wire in this

study required the Measurer to cut twice and some only once.

Thus, the

Measurer generated either two or three sections for the Feeder for every
wire he completed.

Ill - Feeder

1.

The Feeder removes one wire from the shoebox, (in this study,
however, the resident removed several sections from the shoe
box and laid them on the table in front of himself. From
this pile he took one section.)
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2.

He must pick up the needle-nosed pliers and place them
properly in the hand.

3.

He places the very end of the cut section into the needle
portion of the pliers.

k.

He twists or pulls on the pliers while holding firmly the
cut section in the other hand so that it does not rotate.

5.

Once the portion of the cover-wire is started, the Feeder
places it in the needle portion of the pliers and pulls until
enough core-wire is exposed.
(Usually two or three inches
is sufficient.)

6.

He places this prepared section into one of the coffee-cans
for the Strippers.

To repair any broken wires, the Feeder emits the "proper" plier
response mentioned earlier to cut off the broken section.
re-starts the wire.
marked "mixed scrap."

He then

This broken section is tossed into a container
Any inoperable sections are also tossed into

the container marked "mixed scrap."

IV - Stripper

1.

The Stripper removes one prepared wire from the coffee can.

2.

He places the unstarted end of the cut section into the hole
in the plate mounted on the front of the frontboard.

3.

He slips the wire section all the way through this hole while
holding onto the started portion of cover-wire.

U.

He checks to make sure that the exposed core-wire is not caught
in the hole in the plate mounted on the back of the frontboard.

5.

He

closes the backpiece.

6.

He pulls on the started portion of cover-wire until it is
completely separated from the underlying core-wire.

7.

He places the cover-wire into its appropriate container.

R ep ro d u ced with p erm ission o f the copyright ow ner. Further reproduction prohibited w ithout p erm ission.

38

8.

He re-opens the backpiece.

9.

He removes the core-wire.

10.

He places the core-wire into its appropriate container.

This response chain is repeated until all of the sections pre
pared by the Feeder are disassembled.

IV - Ball-end man

1.

The Ball-end man removes one ball-end from thecardboard
box on the table in front of him.

2.

He cuts some of the wire off close to the ball-end, employing
the "proper" plier response mentioned earlier.

3.

He.throws this wire into a container marked "mixed scrap."

i+.

The core-wire loop was removed from the ball-end and also
tossed into the "mixed scrap" container.
(This resident
employed a variety of twisting responses with a pair of
tweezers to remove this loop.)

5.

The clean ball-end was then placed into the appropriate
container.
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FIGUBE CAPTIONS

Figure 1.

A photograph of the measuring device.

Figure 2.

Photographic view of the stripping device.

Figure 3.

A

photograph of the Starter's task.

Figure U.

A

photograph of the Feeder's task.

Figure 5.

A

photograph of the Ball-end man's task.

Figure 6.

A photograph of the seven subjects working at the
worktable.

Figure 7.

The mean number of pieces completed per minute by the
Starter for both Phase I and Phase II sessions.

Figure 8.

The mean number of pieces completed per minute by the
Measurer for both Phase I and Phase II sessions.

Figure 9.

The mean number of pieces completed per minute by the
Feeder for both Phase I and Phase II sessions.

Figure 10.

The mean number of pieces completed per minute by
Stripper #1 for both Phase I and Phase II sessions.

Figure 11.

The mean number of pieces completed per minute by
Stripper #2 for Phase II sessions only.

Figure 12.

The mean number of pieces completed per minute by
Stripper #3 for both Phase I and Phase II sessions.

Figure 13.

The mean number of pieces completed per minute by the
Ball-end man for both Phase I and Phase II sessions.

Figure lU.

A photograph of token for candy exchange at the
portable store.
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